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EXECUTIVE SUMMARY 

The University of Pennsylvania was funded by the Air Force Office of Scientific 
Research to establish and continue eight projects in science and engineering research. 
Complete reports were presented for three projects in the Technical Report for September 
30,1994 through September 29, 1995. Four additional reports were presented in the 
Technical Report for September 30,1995 through September 29,1996. This document 
presents the final reports for all eight funded projects: 

• Studies of High Performance Electrooptic Polvmers 
and Devices. A new class of electrooptic chromophores 
with high thermal stability have been developed and 
studied. 

• Molecular Modeling. (1) Real time quantum dynamics 
of lithium para-hydrogen clusters has been investigated. 
(2) Complex molecules and their interactions with their 
environment, such as surface or interface, have been 
studied. 

• Research Programs in Elementary Particle Phvsics and 
Astrophysics. (1) Department of Physics and Astronomy 
laboratory space has been renovated for research programs 
in Elementary Particle Physics and Astrophysics. (2) A 
new program in Experimental Cosmology has been 
initiated. 

• High Speed Network. All 178 data outlets in the 
Graduate Research Wing of the Moore School 
(Engineering and Applied Science) were rewired using 
category 5 twisted pair wiring. In addition, several 
improvements were made to the Ethernet backbone. All 
of the 10base2 network hubs have been replaced with 
lObaseT switches using category 5 twisted pair wiring. 
This replacement program was also initiated for 3 
Engineering Departments the Towne Building. 

• Cognitive Science. Thirteen thousand square feet of 
contiguous research space has been developed to house 
the Language, Logic and Computation, and Perception 
and Action programs of the Institute for Research in 
Cognitive Science. 



• NMR Spectroscopv of Membrane Proteins. Three and 
four-dimensional NMR experiments have been 
implemented on peptide and protein samples in both 
solid and solution states. These experiments are a major 
advance toward the overall goal of protein structure 
determination. 

Gene Expression and Protein Chemistry. The new 
phosphoimager has been used extensively to study gene 
expression, notably in embryonic cells and in 
polymorphonuclear leukocytes challenged with 
chemotactic agents. 

Biotechnology of Cell-Cell and Virus-Cell Interactions. 
Novel technologies to understand the mechanics and 
specificity of biological adhesion to surfaces have been 
developed. These technologies have been applied to an 
understanding of cell-cell, virus-cell, and DNA-DNA 
interactions. 



STUDIES OF HIGH PERFORMANCE ELECTROOPTIC POLYMERS 
AND DEVICES 

A J. Garito, Professor of Physics 
S. Yainada, Graduate Student 
R.F. Shi, Postdoctoral Fellow 
M.H. Wu. Graduate Student 

W. D. Chen. Graduate Sttident 
Y.M. Cai, Research Associate 

Molecular Desien of High Temperature Nonlinear Optical Chromophores 
N^uSoptiSl^ses L ic-elecSon organic and polymer systems have a^ttactcd 
SdSSSte^ause their understanding has »ed "2^&^iSS Sfd new 
technological promise but also to new phenomena, new *eoretical msiglus and new 
^tSlS Sices The 7t-clectron excitations occurring on the individual molecular, or 
Si cSn S^ uTe b^^^ origin of the observed nonresonant nonUnear opncjl 
ffiden'S^t^l^Ten unusually ifTge. ^ 
and as shown by theory and experiment, their sign, magnitude and n^"<^"*^P;r„„ in 
^^^S by^y-body e^tron correlation effects. TOs level of underetanding, m 
^%^Ss viSr moliular computer aided design of new nonhnear optical 
chromophores. 

At the same time, as the field has naturally P«>g^«d ^owaM^hnd^^^^ 
the main issues have focused on high perfomiance «at«»a^^ *^^mpty vwA^^^ 
manufacturing and cnd-use conditions. New challenges in materials SJ^«!^ °f "^^.^ 
raescntedcalUng for new methods and materials. Recendy, new high perfwmance optical 
gSte i^yiS Jfve been developed to act both as Passive ^vayejiides and as hosts for 
FO chmmonhorcs in active rceions of devices. However, oftentimes the EO 
clS^t7S£°SirSt^?thes 
required in polyimide-based fabrication processes and device af ^'jj^^'^.^P?:,?^^^^ 
Sort, we JJui discuss the thermal stability properties of a newly designed class of EO 
chromophores and their second order optical propemes. 

New High Thermal Stability EO Chromophores WISH, rr^^^^n fiised- 
We have successfully developed a new SY class of high thermal stability (T>365 C) fused- 
ring EO clSSS^^reSwK Figure 1 that w«re desired "''^g ^^S^^J^P"^^ aicted design (CAI))prior to actual materials synthesis.-Hie new EOchrpnjop^^^^ 
ZSy SSincd tS share stmctural features and materials propemes simlanopoyi^^^ 
^^dfilfThe donor-acceptor groups are selected to yield large EOcoeffiaents and 
improved thermal stability as well as solubility in polyamic acid solutions. 

TTie thermal stabUities of the pure SY chromophores have f^^^S^^'^^^JgTlta 
gravimetric analysis) and DSC (diffcrcntM scanning cal?"^*^) «£*^«i-7^ JTJ^ 
for the pure chromophores are shown in Figure 2. In reference to *« P^^^ Sj^YtS^l 
tteiT^ s^bUity in<^s upon ring substitution with donw ff^f'?^^^^"^^ 
T?c sttong amihe donor substituted SY215 is tiieimally stoble up to 400°C. The measured 
linear absorption spectrum of SY215 is shown in Figure 3 mset 



Thcrrml stabUitv Studies were also conducted for the SY series dissdved in new high 

SScuAig Th^ S SS heat^ tSan elevated temperatuie in a nitrogen purged 

specml changes for the guest-host system up to 325 C. 

Second Order Optical Properties of EO Chromophores nn^ur 
?S?Zlccidar second OTder optical properties of SY215 were measured using DCSHG. 
Se SSS^te^^su^hcS^by a mnable source based on optical parainetric generation 

wavelengtiis in the near infrared region ranging from 1600 nm to 1960 nm. lUe measureo 
values of ii R(-2o);o).a» +5kT<:y(-2co;a),(o.O )> are shown in Fig.3 along with the direct 
comoaiison to the tiieoretical results for SY215. Both the theoretical and expenmcntj 
^Ktich are f^ well matched in tiie entire region, show tiie dispersion resulting 
from die 2CD resonance due to die ^ -^S, transition at 1.86 eV. where ^ denotes tiie 

ground state and S the first excited state. Tlie value of ft can be estimated by subtracting 
the calculatedtiiiniordercontribution(23%)fromtiietotal,resultinginavalue of 

268x10'^*^ esufor ^(-2a>;co.co) at h(o=0.65 eV. 

•nie tiieoietical results reveal die origin of die large second order optical response. The 
largest contribution to ft„(-2co;CD,co). the dominant component of ft(-2a);cD.CD). anses 

from tiie virtual excitation sequence ^-^S, ^S, ->^. Thecharge separated nature of 
die first excited state results in both a large dipole moment difference and a large transition 
moment between^   and Sj states. Tlie contour diagram of die difference in the charge 

density distribution between tfie ^ and ^ states shown in Fig. 1(b) clearly Ulustrates die 
transfer of 7C elections from die donor substitiitediniidazoleringtotiienaphAoyler^^^ 
moiety, and consequent larse charge separation. The contour diagram of die transition 
density matrix between ^   and S^ exhibits similar features. Contributions due to virtual 
excitation sequences involving higher lying excited states not considered m die standard 
two-level model decreased die value of ft,x(-2to;©,CD) by 27%. 

In summary. SY215 possesses high diermal stability (T«400-C) and a large nonresonant 
second order optical susceptibility (268x10-^° esu at 0.65 eV). which is larger^ for 
example, dian diatof die standard chromophorcjUmediyl^no-nitrostilbenePA^^^^ 
S^ Ulustrates how a new EO chiomophoie class can be designed and aaually rwhze 
W^ I^rfcSS EO^^lymer materials that comply widi optoelecttomc integrated device 
manufacturing and end-use conditions. 

y/f^^my^^illcdgc generous support from die Air Force Office of Scientific 
R?sSSrAdvSl ResL?h Projects Agency, and Pittsburgh Supercomputmg Center. 



f ^'R rihi. M.H. Wu, S. Yamada. Y.M. Cai, and A.F. Garito. App. Phys. Lett. 63. 

2.'     ^^S; Y.M. cai. R.F. Shi. M H Wu W ^. Chen. Q.M. Qian, and A.F. 
Garito. Mat Res. Soc. Sym. Proc. .^f. 523(iyyjJ. ^ .^^^ 

wS^i DC, 1993). pp. 59-60, md Co be paMished. 

Hg. I. S<*=n««ic moleoute am«ure of l,8:napMjqyl»e-(3'-pym.!idtao) benzimdazote 
-4,i<iicaibox-N-C,5-di-Brt-butyl)pl«nylmi»te (SY215). 
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Fig. 2. mnnal gravimetric analysis CTGA) results for the SY series. SY215 exhibits less 
than 5% of weight loss near 400*C. 
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MOLECULAR MODELING 

K. Kinugawa, Visiting Scientist 
P.B. Moore, Postdoctoral Fellow 

M.L. Klein, Professor of Chemistry 

Centroid Path Integral Molecular Dynamics Simulation of Lithium Para-Hvdrogen 
Clusters. The real-time quantum dynamics of a series of lithium para-hydrogen clusters, 
Li(p-H2)„ (n=13, 55, and 180), at 2.5 and 4.0 K have been investigated by means of 
normal mode centroid path integral molecular dynamics (NMCMD) simulations. The 
equations of motion and the methodology of the NMCMD simulation, were based on the 
Nose-Hoover chain constant-temperature MD scheme and the reference system 
propagator algorithm (RESPA). In addition to the energetic and structural properties, the 
real-time semi-classical dynamics of the centroids of the Li atom and p-H2 molecules in 
the clusters was explored to investigate the diffusive and vibrational properties associated 
with cluster melting. The self-diffusion coefficient of p-Hi molecules in the Li(p-H2)i3 
cluster, which is completely melted at both 2.5 and 4.0 K, is comparable to the 
experimental value of bulk liquid p-Hi just above the melting temperature. The melting 
of the Li(p-H2)55 cluster is incomplete at these temperatures though slow diffusion is 
occurring accompanied with spatial localization. The Li(p-Hz)m cluster exhibits the 
tendency of surface melting at 4.0 K while the core region remains rather solid-like. In 
general quantization of the nuclei, and the decrease of the cluster size, both enhance the 
ease of melting and diffusion, but the Li atom moves on the cluster surface nearly as 
freely as the surface p-Ki molecules. Quantization causes the power spectra of the cluster 
velocity autocorrelation functions to be shifted to lower frequency than in the classical 
regime. 

Quantum Dynamics of Lithium Ions at and near Surfaces. The properties of lithium 
atoms adsorbed on the surface of solid para-hydrogen, and also implanted in the near- 
surface sublayers, was investigated at several temperatures (2.5,4.0, and 6.0 Kelvin) by 
means of computer simulations using NMCMD methodology. In this way, the 
approximate real-time quantum dynamics of a series of these systems is calculated 
following the scheme originally proposed by Cao and Voth [J. Chem. Phys. 101,6168 
(1994)] and subsequently modified [Kinugawa, Moore, Klein, J. Chem. Phys. (1997)]. 

Specifically, the real time semi-classical dynamics of the centroids of the Li atom and 
para-hydrogen molecules are being explored. The energetic, structural, and diffusive 
properties of Li on and below the <111> surface of solid para-hydrogen are being 
investigated. The doped Li is initially being placed in four locations: on the surface, as 
well as in the first, second, and third layers below the surface. These simulations follow 
the diffusion of the Li from the lower layers to the surface, and finally evaporation off the 
surface. Preliminary results suggest that a vacancy in the surface is needed for Li 
diffusion to the surface and that the quantum nature of the Li does not seem to play a 
large role in this process. However, the quantum nature of hydrogen is important in 
creating the initial defect for the Li to diffuse into. Other surface defects and steps on the 
Para-hydrogen are being considered for investigation. 
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Figure 1: The xy-projection of the trajectories of the U(H2)55 cluster covering 10 ps at T 
= 4K. Dots refer to H2 and the bold line to Li. The centroid trajectories are on the left and 
the classical trajectories on the right 
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RESEARCH PROGRAMS IN ELEMENTARY PARTICLE PHYSICS 
AND ASTROPHYSICS 

Eugene W. Beier, Professor of Physics 
Larry Gladney, Associate Professor of Physics 

Robert J. HoUebeek, Professor of Physics 
Nigel Stuart Lockyer, Associate Professor of Physics 

Hugh H. Williams, Professor of Physics 

Elementary Particle Physics and Astrophysics. This project consists of two components. 
The first consists of renovation of laboratory space in the Department of Physics and 
Astronomy for research programs in elementary particle physics and astrophysics. A 
related proposal was funded by the Academic Research Infrastructure program at the 
Nation^ Science Foundation and the renovations proceeded. 

Experimental Cosmology. The second component of this project consists of the New 
Initiative in Experimental Cosmology. Penn has been successful in establishing an 
outstanding research group in experimental and theoretical cosmology. Since 1994 three 
outstanding young investigators have accepted appointments to the faculty of the 
Department of Physics and Astronomy. These are Dr. Steven Myers, who joined Penn 
from the California Institute of Technology on October 1, 1995, Dr. Chung-Pei Ma, who 
also came from the California Institute of Technology and arrived July 1,1996, and Dr. 
Mark Devlin, who came to Penn from Princeton at the beginning of the 1996-1997 
academic year. 

The research program undertaken by these individuals consists of theoretical and 
observational work related to the early universe. The experimental work is directly 
related to the Cosmic Microwave Background radiation, which will be studied with both 
the techniques of ground-based radio astronomy (Myers) and balloon-borne microwave 
observations (Devlin). Dr. Ma carries out large scale numerical simulations of the 
observational consequences today of various assumptions about the specific composition 
of the very early universe. 

Principal expenditure in support of astrophysics research was to support the work of 
Myers. The focus of Myers' research at Penn is to determine the fundamental 
cosmological parameters and to explore the fossil record of the early universe as regards 
the process of galaxy and star formation. Myers has used primarily the tools of radio 
astronomy to work towards these ends - centimeter and millimeter-wave interferometry 
and radiometry. In particular, he has conducted a series of observational programs to 
detect anisotropy in the microwave background, to measure the Sunyaev-Zeldovich effect 
from clusters of galaxies, to find a large number of new gravitational lens systems 
suitable for cosmological studies, and to study the powerhouses at the centers of radio 
galaxies and quasars. Myers has also studied the theoretical issues relevant to the use of 
these observations to measure quantities of cosmological interest. Significant projects 
include the CLASS gravitational lens survey, and the Cosmic Background Imager (CBI). 

10 



The study of anisotropy in the cosmic microwave background radiation has moved to the 
forefront of observational cosmology, due to the successes of a number of experiments. 
Much of the interesting cosmological information is found on angular scales less than a 
half degree and will be in accessible to the planned satellite missions. Myers has been 
involved in conducting some of the pioneering microwave background observations on 
angular scales from 2 to 7 arcminutes using the radio telescopes of the Owens Valley 
Radio Observatory. He and collaborators at the California Institute of Technology made 
a series of observations measuring cosmic background fluctuations on scales from 7 to 22 
arcminutes. He prepared a paper detailing observations of the scattering of the 
microwave background light by ultra-hot gas that surrounds massive clusters of galaxies, 
the so-called Sunyaev-Zeldovich effect. These radio measurements have been combined 
with X-ray satellite measurements of emission from the same clusters to yield an estimate 
for the Hubble constant, the parameter that determines the scale and expansion rate of the 
Universe. To further investigate the microwave background anisotropies, Myers has 
been involved in the design and construction of a new instrument: the Cosmic 
Background Imager (CBI). The novel interferometric design of the CBI will allow it to 
map and measure CMB fluctuations on the arcminute to 20 arcminute scales, 
complementing the larger-scale measurements of the MIDEX mission and balloon 
experiments. With a graduate student, Myers is leading the program to map the SZ effect 
in nearby clusters using the CBI. 

His other major project is the Cosmic Lens All-Sky Survey (CLASS), a niulti- 
institutional international collaboration to map over 10,000 radio sources in order to 
discover new gravitational lenses suitable for cosmology, especially the determination of 
the Hubble constant and to place limits on the cosmological constant through lens 
statistics. Myers led the first phases of the survey, which began in 1994. Seventy-five 
hundred sources have been mapped, from which new lenses have been discovered. This 
largest single radio lens survey in the world is in the forefront of gravitational lens 
studies. 

11 



fflGH SPEED NETWORK PROGRAM 

Ira Winston 
Director, Computing and Education Technology Services 

School of Arts and Sciences; School of Engineering and Applied Science 

Graduate Research Wing (GRW) of the Moore School. GRW houses a significant 
portion of the Computer and Information Science and Electrical Engineering departments 
as well as the Computing and Educational Technology Service group that supports the 
entire School of Engineering and Applied Science. Existing data wiring was unsuitable 
for use with current data networking products. All of the data outlets in the GRW were 
rewired using category 5 twisted pair wiring. 

The 10base2 network hubs were replaced with lObaseT hubs and lObaseT switches. 

The University of Pennsylvania was one of the initial thirteen non-supercomputer sires to 
be awarded connections to the NSF-sponsored vBNS network. The introduction of fast 
Ethernet (lOObaseT) and additional ATM connections permit ATM connection to the 
vBNS network. The new wiring in GRW allows the vBNS network to be extended at full 
speed to any location in the building. 

Moore School. The Moore School was wired with category 3 twisted pair wiring and 
RG58 coaxial cable. In the first phase of this network upgrade, lObaseT hubs were 
installed and the migration from 10base2 to lObaseT using the category 3 twisted pair 
wiring was started. In the next stage, lObaseT Ethernet switches were installed and the 
building rewired with category 5 twisted pair wiring to allow for higher speed 
networking. The Moore School is occupied by faculty members in Computer and 
Information Science and Electrical Engineering. 

Towne Building. The Towne Building was wired with category 3 twisted pair wiring and 
RG58 coaxial cable. . In the first phase of this network upgrade, lObaseT hubs were 
installed and the migration from 10base2 to lObaseT using the category 3 twisted pah- 
wiring was started. In the next stage, the Towne Building was rewired with category 5 
twisted pair wiring to allow for higher speed networking. The Mechanical Engineering 
and Applied Mechanics, Bioengineering, Systems and Chemical Engineering 
departments are housed in the Towne Building. 

Kalpana Etherswitch. A fifteen port Kalpana ethemet switch was purchased to replace 
the shared bus Ethemet backbone. The switch connects wiring closets throughout the 
School of Engineering and Applied Science as well as the four primary 
mail/file/timesharing servers. Several thick Ethemet backbone cable that connected 
wiring closets were replaced with fiber optic Ethernet cables connected to the Kalpana 
etherswitch. There has been an observable improvement in both network performance 
and reliability as a result of this upgrade. The upgrade benefits all of the faculty research 
described in the original proposal. 
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In the last phase, additional rewiring was done in the School of Engineering and Applied 
Science and additional Ethernet switches were installed connected to one another using 
ATM/fast Ethernet. 

13 



COGNirrVE SCIENCE 

AiavindK-Joshi 
Ptofcssor, Computer and Cognitive Scicn^ 

Co-EHrcctor, Institute for Research in Cognitive Science 

LilaR-GIeitaaan 
Professor, Psychology , 

Co-Diiector, Institute for Research in Cognitive Science 

Renovation of the Institute for Research in Cognitive iSden«5 «n^^ 
offices 2 laboratories, and 3 conference rooms were created, addmg 6,500square wet ro 
to^^a^^«Sbringing together atotal of 13,000 ^^S^PI^'S^^^^ 
jL. The total cost was W0O.O00. JT»eMtuteisconcerned^thAesm^^^ 
h^anans and machines process infonnation. both visual and hngu^ 
^^nent Besides Sientific research, the Institute is mvovcdmte^^^ 
with several major industries such as GE. IBM, Umsys, Boemg. GM^ AT&T, md 
SScore. m addition. Pwn is the site (or NSF^ National ^fjf ^^ Oj«^Samce. 
This Center had an initial award fiom NSF m 1991 for ovw $8.0^^ 
TheCenterhasreceniiy bcenawaidedasbc-yearrenewsdfor$12,000,0«). ]^J^^ 
and ie «q)andcd sccpJ of the Institute's program necessitated tiw ident^^ 
renovatiw of dds additicmal space. 
The Institute for Research in Cognitive Sdence pursues aloigrangerc^ 
three scientific foci: Language Acquisition, Structure, and Processm^. Lo£C md 
Computation; and Perception and Action. Some specific projects m tiiese foa arc. 

• TAnguage: acquisition of the verb lexicon and syntax, use of prosodic 
i^Sation,OTrm)utational models, and integration of some of tiiese mtiie 
context of animated agents; grammar formalisms and integration of syntax. 
semantics, and discourse functions; integration of statistical and sttuctural 
information; experimental studies of human sentence comprehension; and, 
role of discourse amtext in tfiis resolution. 

.TrioirflnHrhmnntation: models of resource bounded confutation, modal 
l(^,andcoav!^^onal plans; proof theory and grammatical tiiconcs; and. 
iqpresentation and logic of partial information, 

. Pwrpntimiflnd Action: perception of organized visual space, and accurate 
SSStS its ««n& Sgross and small motor programs; signal to 
symbol to signal transformation; high-level visaon and cpgmtion; and, 
perception of language processing. 

Special emphasis will be given to die development and consoUdation crfresearch in 
cSiitiveSuroscieiice. The Institute develops programs for undergraduate and graduate 
eSation. outreach programs witii puWic schook and cultural uistt 
science education, and technology transfer activities including collaborative projects and 
parmerships with industry. 

14 



ThisreseanAishaviiigadiiectiiiTOCtonsu<AtechiK)logiesasix>bo^ . 
manjinlnfinq, the iiUegratioa of inRxmation from (fifferent sensory modalities, gi^hics 
and ammarioo, rooken and written natural language imerfisc^ 
infoanation retncval systems, software development, and bioittfonnatics. Sonoe ofmcse 
devekmments wiU have a major impact on ensuring widespread access to digital li^^ 
on advanced manufectming technology, and oo the efficient use of health-cae >csomcw. 
Develppmeats in the tedmok^es for infotmatiott processing provide a ftjundation fer the 
effidcntdcBvcry of critical services. These saviceswiU be the decisive detenmnants of 
success in the con5»etitive g^*d marke^lace and in the maintenance of national secunty m 
the years ahead. It is clear, therefore, that (^gmtiveSdcnoewiU play a cwilr^fem 
maintaining and strtngdmiing the naticm's sdentific and technological leadersh^ m me 
coming ccatmy. This renovation will allow die caitinuadon of Acse very successful 
research efforts. 

15 



NMR SPECTROSCOPY OF MEMBRANE PROTEINS 

S J. Opclla, Professor of Chemistry 

me overaU goals of the leseaich program are to develop and JPJy Nl^/J^^^dZ^^ 
tii sSdy of proteins. Substantial progress has been made dunng the past year, and both 
aspects of the program have benefited from the support. 

Further development of NMR rr^ethodsandimtmrj^^^^^ 
limitations of current methods of smictural bioto©^. "^»^^^^ 

dimensional solid-state NMR experiments have been M"?^?'^"^. J^:Sd%^ 
ajTmlline peptide samples and then extended to proteins ^^ Pjf Pj^^'PJf |SSc^^^ 
SKnenf ave high resolution along the three frequency axes frona the l" cje^jcai 
sJSTlH-'si^SnucleardipolarL 15N chewed sbftrntem^^ 
uniformly 15N labeled protein samplesto be ^tud^"^ T^„^£^^^f^^^^ 
H means tfiat the samples can be prepared by expression m bactena wnwe unuorm wuc   g 

hence the structure, of each pepudc plane m the PP^^-.^*J,f^^        to specific 

schemes. 

In oricr to apply these soUd-state NMR metlKxis. as "'"'f ""S™S^tSS"jr* 

stable isotopes, such as m, 13C. and liN. i^".^J"„ nfmpmhrane oroteins in bacteria 

X^SS^rSe-^SsfflSK^r^t^^^ 
^Sa?cj;^s^^^sSeTs:^^^ 

•me development and implemen^tion of ^olf on NMR ^s^y^f «^^^ 
proteins in miceUes has continued. The availability for *c ^^ J^f.^^'zS^^ and 
labeled samples of these proteins gives opportunities»«"«; *f •'^^J^^^^^ 
S-dimenSonal solution^NMR experiments to detmmne to sttuctoies on tt^^|^ 
NOES. J coupling constants, and chemical shifts P«^^«^^^S2L TV^^S. o^iS^^^^ NMR soectromcter has been particularly valuable for these studies. The high quality or uie 
XiSS[wmte%SletocLparethes.ruc^^^ 
determined bv solid-state NMR in Upid bilayers and solution NMR m iracelles. It also 
SSTtSSit wm te pSSiarto chasten Jthe dynarnics of the«c Proteinsover a broad 
range of timescales. Vhich will give insight into their functions and organizaaons. 
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Solid State NMR Descriptions of Protein Dynamics, S.J. Opella, in 
Encyclopedia of NMR, 1995, 3791-3795. 

NMR Studies of Membrane Proteins, SJ. OpcUa and F.M. Marassi, in 
Encyclopedia of NMR, 199S, in press. 

High Resolution Heteronuclear Dipolar Solid-State NMR Spectroscopy. 
CH. Wu, A. Ramamoorthy, and SJ. Opella, /. ofMagn. Reson., 1994. A 109, 270-272. 

Three-Dimensional Solid-State NMR Experiment that Correlates the 
Chemical Shift and Dipolar Coupling Frequencies of Two Heteronuclei, A. 
Ramamoorthy, C.H. Wu, and S.J. Opella, /. Magn. Reson., 1995, B 107, 88-90. 

Two-Dimensional Chemical Shift/Heteronuclear Dipolar Coupling Spectra 
Obtained with Polarization Inversion Spin Exchange at the Magic Angle and 
Magic Angle Sample Spinning (PISEMAMAS), A. Ramamoorthy and S.J. Opella, 
Solid State NMR, 1995,4, 387-392. 

Simultaneous Characterization of the Amide ^H Chemical Shift, IH-I^N 
Dipolar, and 15N Chemical Shift Interaction Tensors in a Peptide Bond by 
Three-Dimensional Solid-State NMR Spectroscopy, C.H. Wu. A. 
Ramamoorthy, L.M. Gicrasch, and S J Opella, J. Amer. Chem. Soc, 1995,117, 6148- 
6149. 

Direct Observation of Asymmetric iH/l^N Triplets and Applications of 
Asymmetric Dipole-Dipole Splittings to Structure Determination by Solid- 
State NMR Spectroscopy, R. McNamara, C.H. Wu, L. Chirlian, and S J. Opella, J. 
Amer. Chem. Soc, 1995,117, 7805-7811. 

NMR Studies of Peptides and Proteins Associated with Membranes, R.B. 
Klassen and S.J. Opella, in Protein NMR Protocols, 1996, in press. 

NMR Spectroscopy of Membrane and Structural Proteins, S.J. Opella, L.E. 
Chirlian, and B. Bcchingcr, in Biological NMR Spectroscopy (JX. Markley and SJ. 
C^Ua, cds.), 1996, in press. 

Four-Dimensional Solid-State NMR Experiment that Correlates the 
Chemical Shift and Dipolar Coupling Frequencies of Two Heteronuclei with 
the Exchange of Dilute Spin Magnetization, A. Ramamoorthy, L.M. Gierasch, and 
S.J. Opella, /. Magn. Reson, 1995, B 109, 112-116. 

Resolved Two-Dimensional Anisotropic Chemical Shift/Heteronuclear 
Dipolar Coupling Powder Pattern Spectra By Three-Dimensional Solid- 
State NMR Spectroscopy, A. Ramamoorthy, L.M. Gicrasch, and S.J. Opella, /. 
Magn. Reson, 1996, B 110, 102-106. 

Orientations of Helical Peptides in Membrane Bilayers by Solid-State NMR 
Spectroscopy, B. Bechinger, L.M. Gierasch, M. Montal, M. Zasloff, and SJ. Opella. 
Solid State NMR, 1996, in press. 
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GENE EXPRESSION AND PROTEIN CHEMISTRY 

A. Cashmore, Professor of Biology 
J. Eckcr, Associate Professor of Biology 

R. Schultz, Professor of Biology 
S. Zigmond, Professor of Biology 

Most of our (SgilTal goals conccring to the use of the phosphorimager are being met We 
have published several papers describing our woric. 

^c& Phosphorimager has been used for the successful analysis of over 500 images. 

Wc have usal Se phosphorimager on a routine basis to examine the regulation of gene 
expression in the embryo following fertUization and/luring Ae ma^-tc^zygonc 
ti^tion. In addition, we used the imager to exanune the ZP2 to ZP2f change tiia 
accompanies fertiUzation. In this legaid. we have used the unager for Ae tljec smted 
objectives. We have also used the imager for analysis of Northern blots and gel shift 
assays. Although these were not stated objectives at the time, our research needs have 
evolved to these very suitable applications for this technology. 

Interactions and collaborations: 

Annual Meeting of the Teratology Society. San Juan, Puerto Rico (1994) 
14th Annual Ottawa Reproductive Biology Woitehop.Ottewa, Canada (1995) 
Annual Meeting of the Society for the Study of Reproduction. Davis. CA (1995) 
Gordon Conference on Fertilization and Activation of Development, New Hampshire 

mf Sc Research and ClinicaUy Applied Technology of/« Vitro FertUization. Boston, 
MA (1995) 

Department of Zoology. The Charles University. Prague The Czech RepuWic (1994) 
D^artment of Animal Science. University of Missoun. Columbia, MO (1995) 
The Jackson Laboratory, Bar Harbor, ME (1995) 

h?"sp?nwTanumberofchemotacticagents Polymorphonuclearleukocyte^^ 
under^ an actin-bascd change in their cytoskeleton that«involved»" ^c^ch^^"^^.   ^ 
response. During the past year wc have been able to simplify *c functional s^y of the G 
protein signal tr^sdu<5ion cascade from that using cells pemieabilized with Swpto ysm-O 
to one using ceU lysates. These lysates now increase theu: F-actin level when stimulated 
with GTPyS. Since the open nature of the lysate makes it much more ameable to study, we 
have been characterizing this system and defining the componets necessary for the F-actm 
increase. For this reason, we have postponed the study of protein phosphorylation of 
particular actin binding proteins. These studies remain part of our future plans. 
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Degrees Awarded: .„ . . ^. .      j i- 
Patrick Dunn, Ph.D. - (1989-95) Toward a Yeast Artificial Chromosome-based Genome 
Map of Arabidopsis. Ph.D. Awarded May 95 

Giegg Roman, Ph.D. - (1989-95) Genetic Analysis of Ethylene Signal Transduction and 
the Positional Qoning of the EIN2 Locus. Ph. D. awarded May 95 

Ann Lehman. Ph.D. - (1989-85) Molecular and Genetic Characterization of the Bookless 
Mutants in Arabidopsis dialiana. Ph.D. Awarded December 1995 

Publications: 
Ahmad, M. and C^ashmdre, A. R. (1995). A blue-light photoreceptor requires 

phytochrome A or phytochrome B to mediate blue-light responses in Arabidopsis 
thaliona. submitted. : 

Ahmad. M., Un. C. and Cashmoie, A. R. (1995). Mutations throughout an Arabidopsis 
Uue-light photoreccptOT impair blue-light-responsivc anthocyanin accumulation and 
inhibition of hypocotyl elongation. The Plant Journal. 8:101-106. 

Babalola, G.O.. and Schultz, R.M. (1995). Effect of TGF-a and TGF-p on gene 
expression in the preimplantation mouse embryo. Mol. Reprod. Dev. 41.133-139. 

Davis, W., Jr., De Sousa, PD., and Schultz, R.M. (1996). Transient expression of 
translation initiation factor cIF-4C during the 2-cell stage of the preinplantation 
mouse embryo: Identification by mRNA differential display and the role of DNA 
replication. Dev.BioL In Press. . 

Ecker, J.R. and Theologis, A (1994) Ediylene: A Unique Plant Signaling Molecule, m 
Arabidopsis, Cold Spring Harbor Laboratory Press (eds. Somervillc and 
Meyerowitz). 

Ecker, J. R. (1995) The ethylene signal transduction patiiway in plants. Science. 268,609- 
772 .    . ,. 

Goodman, H., Ecker, J.R. and Dean, C. (1995) The genome of Arabidopsis tiialiana. 
Proc. Nad Acad. Sci. USA. 93:10831-10835. 

Klimczak, L. and Cashmore, A. R. (1995) Phosphorylation studies of DNA-binding 
prtHcins. Metfwds in Plant Molecular Biology: A Laboratory Course Manual. P. 
Maliga, D. F. Klessig, A. R. Cashmore, W. Gruissem and J. E. Vamer.( Cold 
Spring Harbor Laboratory Press). 325-348. 

Klimczak. L. J.. CoUinge, M. A., Farini, D., Giuliano, G., Walker, J. C and Cashmore, 
A. R. (1995). Reconstitution of Arabidopsis casein kinase II from recombuiant 
subunits and phosphorylation of transcription factor GBFl. Plant Cell. 7:105-115. 

Lehman, A.. Black, R., and Ecker, J.R. HOOKLESSl, an etiiylene response gene, is 
required fw differential cell elongation in tiie Arabidopsis hypocotyl. submitted f(x 
publication. 

Lin. C. Ahmad. M. and Cashmore, A. R. (1995). Arabidopsis cryptochrome 1 is a 
. soluble protein mediating blue-light-dependcnt regulation of plant growtii and 
develcmment. submitted. : 

Lin. C, Ahmad, M., Chan, J. and Cashmore, A. R. (1995). CRY2: A second member of 
the Arabidopsis cryptochrome gene family. Plant Physiol. submitted: 

Lin, C. Ahmad, M.. Goidon. D. and Cashmore, A. R. (1995). Expression of an 
Arabidopsis cryptochrome gene in transgenic tobacco results in hypersensitivity to 
blue, UV-A, and green light. Proc. Nati. Acad. Sci. USA. 92 : 8423-8427. 

Lin. C, Robertson, D. E., Ahmad, M., Raibekas, A. A., Schuman Joms, M., Dutton. P. 
L. and Cashmore, A. R. (1995). Association of flavin adenine dinucleotide wiUi the 
Arabidopsis blue light receptor CRYl. Science. 269:968-970. 
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Maliga, p., Klessig, D. E, Cashmore, A. R., Gruissem, W. and Vamer, J. E. Methods in 
Plant Molecular Riologvr A I.ahnratoTv Course Manual. Ed. Cold Spring Haibor 
Laboratory Press, 1995. .    . 

Menkens, A. E.. Schindler, U. and Cashmore, A. R. (1995). The G-box: a ubiquitous 
regulatory DNA element in plants bound by the GBF family of bZIP proteins. TBS. 
20: 506-510. _,, 

Moore, G.M., Ayabe, T., Visconti, P.E., Schultz. R.M., and Kopf, G.S. (1994). 
Sperm-induced activation of mouse eggs: Role of heterotriracric and monomeric G 
proteins. Development 120, 3313-3323. . 

Roman, G., Lubarsky, B., Rothenberg, M., Kieber. J.J.and Ecker, J.R. Geneuc analysis 
of ethylene signal transduction in Arabidopsis: Identification of five novel loci 
ordered into a stress response pathway. Genetics, 139,1393-1409. 

Roman. G. and Ecker, J. R. (1995) Genetic analysis of a seedling stress response to 
ethylene in Arabidopsis. Philos. Trans. R. Soc. London Scr. B. 350,75-81. 

Schindler, U. and Cashmore. A. R. (1995) Characterization of Protein/DNA-binding sites 
using the nnethylation intCTference assay. Methods in Plant Molecular Biology: A 
Laboratory Course Manual. P. Maliga, D. F. Klessig, A. R. Cashmore, W. 
Gruissem and J. E. Vamer.( Cold Spring Harbor Laboratory Press). 279-300. 

Schindler, U. and Cashmore, A. R. (1995) Electrophorctic mobility-shift assay to 
characterize protcin^NA binding sites. Methods in Plant Molecular Biology: A 
Laboratory Course Manual. P. Maliga, D. F. Klessig, A. R. Cashmore, W. 
Gruissem and J. E, Vamer.( Cold Spring Harbor Laboratory Press). 261-278. 

Schindler, U. and Cashmore, A. R. (1995) Isolation of cDNAs encoding sequence-specific 
DNA-binding proteins using in situ screening. Methods in Plant Molecular Biology: 
A Laboratory Course Manual. P. Maliga, D. F. Klessig, A. R. Cashmore, W. 
Gruissem and J. E. Vamer.( Cold Spring Harbor Laboratory Press). 301-324. 

Terzaghi. W. B.. Bertekap, R. L. and Cashmore, A. R. (1995). Members of the GBF 
family of bZIP transcription factors are principally localized in the cytc^lasm in 
cultured Arabidcq}sis and soybean cells, subnitted. : 

Terzaghi, W. B. and Cashmore, A. R. (1995). Light regulation of transcription. Annual 
reviews of plant physiology and plant molecular biology. 46 :445-474. 

Terzaghi, W. B. and Cashmore, A. R. (1995). Photomoiphogenesis: Seeing the light in 
plant development. Current Biology. 5:466-468. 

Worrad, D.M., Ram, P.T., and Schultz, R.M. (1994). Regulation of gene expression m 
the mouse oocyte and eariy preimplantation embryo: Developmental changes in Spl 
and TATA box-binding protein, TBP. Development 120,2347-2357. 

Worrad, D.M., Turner, B.M., and Schultz, R.M. (1995). Temporally restricted spatial 
localization of acetylatcd isoforais of histone H4 and RNA polymcrase n in the 2-cell 
mouse embryo. Development 121, 2949-2959. 
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BIOTECHNOLOGY OF CELL-CELL AND VIRUS-CELL 
INTERACTIONS 

Daniel A. Hammer, Professor of Bioengineering 

During the period of this award, the Hammer laboratory developed a number of novel 
technologies to understand the mechanics and specificity of biological adhesion to surfaces. 
These technologies have been applied to an understanding of cell-cell, virus-cell, and DNA-DNA 
interactions. 

Cell-cell adhesion. Biological cells, such as leukocytes, adhere to surfaces via receptor-mediated 
interactions. We have been interested in a particular class of receptors, called selectins, and their 
mechanism of action. Selectins bind to carbohydrates and mediate the rolling of leukocytes on 
blood vessel walls. Rolling is a dynamic friction, and our efforts have been directed at 
understanding how these molecules work to support this unique type of adhesion. Our major 
achievement was the development of a colloidal mimetic, bearing selectins or selectins hgands, 
which can recreate the adhesion of leukocytes. These "cell-free"systems, in which we can 
recreate rolling adhesion with any of the molecules of the selectin family, demonstrate that 
rolling is a function of the physical chemistry of selectin adhesion molecules, and not due to 
cellular features such as roughness, deformability and signaling [1-4]. A particular 
accomplishment with the cell free system are that we can recreate the shear threshold effect - a 
phenomenon seen in cells and previously attributable to cell features such as microvilli - 
therefore, the shear threshold effect is really due to the physical chemistry of adhesion molecules 
[4, 5]. We further extended the construction of the "cell-free" systems to biodegradable 
microspheres that could be used for drug delivery or carrying imaging agents, most recently 
derivatizing poly-lactic glycolic acid microspheres to have the adhesive properties of leukocytes, 
but filling them with inflammatory agents [6]. 

Virus-cell interactions. We have been making progress on both simulations and experiments to 
understand the docking and entry of viruses into cells. We have developed a new technique, 
called Brownian Adhesive Dynamics, to simulate the adhesion of viruses to cell surfaces via 
receptors, and are applying it to the binding of HIV particles to the cell surface. We identified 
that the equivalent site hypothesis, which often used to make an estimate of the rate and strength 
of viral binding, is significantly in error. The improved algorithm will be used to assess the 
binding of different strains of HIV to host cells. A paper on this work is currently in preparation. 
Experimentally, we have been working with Dr. Robert Doms in Microbiology at Penn to 
measure the fusion of cell lines expressing different forms of HIV surface molecules using a 
micropipette aspiration assay. In this assay, two cell lines bearing complementary fusion 
molecules are brought into contact using pipettes, and the fusion or coalescence is monitored on 
the stage of a microscope. Fluorescent dyes are used to monitor the mixing of membrane and 
contents between cell types. The purpose of this assay is to assess the complementarity of 
different potential fusogenic molecules of different strains of HIV. 

DNA-DNA interactions. We have been using microarray technology and bead adhesion to assess 
whether bioadhesion can be used to detect unknown strands of DNA. In the assay, micro scale 
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beads are derivatized with a single chain oliogonucleotide using biotin-avidin chemistry (ohgos 
are derivatized at the 5' end with a biotin, and bound to avidin coated beads). Correspondingly, 
surfaces are micropattemed with different biotinylated DNA-oligonucleotide strands by 
attaching them to avidin-coated surfaces using an arrayer. When the DNA on the bead is 
complementary to the DNA on the surface, the beads bind avidly; ,f the DNA strands are not 
cZ ementan^, the beads do not bind. Then, we can assess how the strength of adhesion 
d^Xs on tS^number of complementary DNA strands on the bead and the surf^e^ the d^g-^^ 
of overlap of the oligonucleotide strands, and the hydrodynamic force that acts on the P^ cles. 
We have shown that a 20 base-pair overlap is sufficient to overcome the hydrodynamic force on 
a 10 micron diameter bead up to 1000 1/s shear rates. We are now assessing whether 
lyl^Z^^rcc. can used to screen high fidelity DNA base overlaps Jj--*;--* ^^^^^ 
defects such as single nucleotide defects. Ultimately, this technique may be used to identify ^ 
fhkTun^own stran'd from a foreign microbe, such as a pathogen, by using ^^^^J °f ^f ^^ 
solution, each with a strand that might be complementary to one end of the ""known stmn^^^^ 
a arrav of spots on the surface, each which is complementary to the other end of the unknown 
sS. Thurthe methodolog; may be used for optical detection of pathogenic organisms. A 
paper on this work is currently under development. 
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